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and, in any case, the possibility of determining with precision a priori the
variations in volume just referred to.

9. Ease in obtaining a good "protection" of the parts of the steel pieces
which it is not desired to cement.

We have seen in the first part of this volume that normal cementation
extends to a small distance from the parts of the metallic surface in contact
with'the granular carbon, even when the gas can circulate around the pieces
with the greatest freedom, and that experiment shows that this distance be-
comes exceedingly small when the gaseous carburizing mixture (GO + COa)
can circulate around the parts not in contact with carbon only through small
channels, opposing considerable resistance to its flow. This is the reason that,
working with the mixed-cement, efficient "protection" of parts not to be
cemented can be obtained when using protecting substances not altogether im-
permeable to gases, such as lean refractory clay, deposits of copper obtained
by "dipping," loose covers of sheet metal, etc.

The form of furnace which, in general, is best suited to the industrial work-
ing of the process with which we are now dealing is that with vertical muffles,
in which the pieces to be cemented and the solid cement are introduced
successively above, while the gas is admitted below. The desirability of such
an arrangement was shown in the laboratory experiments on the study of the .
mixed cement, which were described in the first part of this volume.

Nevertheless, it may at times be desirable to carry out cementation
with mixed cement using an ordinary horizontal muffle furnace of the type
described in the preceding pages. This may occur especially in two cases:
, First, when a large equipment of ordinary cementation furnaces with hori-
zontal muffles would be an obstacle to the setting up of new special furnaces.
Second, in the quite frequent cases where the pieces to be cemented have
special forms, for which it appears, a priori, to be advantageous to work in
horizontal furnaces.

While, therefore, the vertical muffle furnace presents very great advan-
tages in those cases, most frequent in practice, in which the surfaces to be
cemented are surfaces of revolution as, for example, gear-wheels, whether
conical or cylindrical, axles, ball-bearing rings, the great majority of ordinary
cutting tools, etc.,yet the horizontal furnace, on the other hand, may be use-
fully employed in the less frequent cases of a different nature, for example, in
the cementation of rails, sectors, etc.

The apparatus which is best adapted to this purpose will now be briefly
described.

Since the gaseous current (ascending or descending) should traverse a
layer of heated carbon of sufficient thickness (in general, at least 8-12 cm.)
before enveloping the objects, the process with which we are dealing is
possible only in furnaces holding rather tall muffles.

The muffle reproduced in the accompanying drawings must be considered